In order to facilitate analyses of the molecular function of the human immunodeficiency virus type 1 (HIV-1) Vif protein, we have developed a cell culture model-system which allows permanent production of genotypically and phenotypically vifdefective HIV-1 virions in ' non-permissive ' H9 cells. Using recombinant, replication-competent HIV-1 proviruses coding for a selectable marker gene (gpt) instead of nef, two stably infected H9 subclones named M2 (vif-mutant) and WX (wild-type), respec-
Introduction
The human immunodeficiency virus type 1 (HIV-1) accessory gene product, Vif, the molecular function of which is unknown, influences the infectivity of HIV-1, most pronouncedly during cell-free particle-mediated infections as was first described by Strebel et al. (1987) and Fisher et al. (1987) . However, in most HIV-1-susceptible cell lines, vifdefective virions replicate nearly as fast as wild-type HIV-1. Only when genotypically vif-negative virions are produced in one of the few so-called non-permissive cell types such as primary blood mononuclear cells (PBMC), primary monocytederived macrophages (MDM) or the T cell line H9 does a genotypic vif-defect result in a loss of virion infectivity and thus in a mutant phenotype (for reviews see Subbramanian & Cohen, 1994 ; Borman et al., 1995) .
Several different models to account for Vif function have been proposed. Some groups have recently reported on phenotypically vif-defective virions displaying disturbed par- tively, were generated. Virions released from cell line M2 -displaying the expected vif-defective phenotype -are produced permanently, and in an at least 50 times higher amount than virus particles from acutely vif-negative HIV-1-infected H9 cells. Analysis of viral protein composition and the electron-microscopic morphology of vif-mutant virions did not reveal any detectable differences in comparison to wild-type virions.
ticle formation. However, the findings of different authors are highly controversial. Sakai et al. (1993) observed a reduction in viral glycoprotein incorporation into vif-negative virions produced in semi-permissive A3.01 cells, whereas von Schwedler et al. (1993) did not see such an effect in virions from semi-permissive CEM cells. Simm et al. (1995) have reported reduced pr55 Gag processing in virions from PBMC infected with vif-mutant HIV-1. A dramatic defect in Gag and Gag-Pol protein processing, combined with reduced glycoprotein incorporation was described by Borman et al. (1995) for vifdefective virions from non-permissive H9 or CEMx174 cells. Additionally, subtle aberrations in the electron-microscopic morphology were observed by Ho$ glund et al. (1994) and Borman et al. (1995) . In contrast, no aberrant protein composition of the mutant virions was observed in the work presented here, nor by Fouchier et al. (1996) . At any rate, loss of infectivity appears to be due either to reverse transcription of viral RNA being inhibited at an intermediate stage (von Schwedler et al., 1993 ; Sova & Volsky, 1993 ; Borman et al., 1995 ; Courcoul et al., 1995) , or to completed reverse transcripts not being able to proceed to provirus formation . Whether this defect is indeed the consequence of aberrant viral protein processing or not is the subject of current debate.
It is generally agreed that non-permissive cells represent the relevant model-system for Vif functional analysis. However, in these cells phenotypically vif-negative virions are only transiently produced in very low amounts hardly sufficient for detailed analysis (for review see Trono, 1995) . The aim of the work presented here was to establish a cell culture modelsystem which allows the permanent production of sufficiently high amounts of phenotypically vif-defective HIV-1 virions in ' non-permissive ' H9 cells. This was achieved using a selectable HIV-1 proviral genome and led to the generation of stably infected H9 sublines. Here we describe the proviral constructs used and the characteristics of the cell lines which were established. Finally, we report on and discuss the observation that the protein composition and morphology of phenotypically vif-mutant virions produced in our non-permissive cell model-system did not differ from that of wild-type HIV-1 virus particles.
Methods
Construction of proviral vif-mutants and nef to gpt exchange mutants. All HIV-1 proviral constructs employed are based on pNL4-3 BH"! env (named pNLBH here) (Wilk et al., 1992) , a vpr-positive HIV NL4-3 derivative. A vif-mutant provirus was constructed by the insertion of a 28 nt oligonucleotide linker with NdeI-site sticky ends ( Fig.  1 a) into the NdeI-site in vif (NL4-3 nt 5122 ; numbering according to Adachi et al., 1986) to yield pNLBH-vifL. The correct insertion of a single linker monomer was confirmed by NotI digestion (the NotI site was introduced by the linker insertion ; Fig. 1 a) , by PCR and by DNA sequencing. The linker insertion leads to two in-frame stop codons terminating the vif ORF and, additionally, to a shift of the reading frame.
The nef to gpt-exchange mutants of pNLBH and pNLBH-vifL were constructed via several subcloning steps, essentially as follows : the xanthine-guanosine-phosphoribosyltransferase gene (gpt) of E. coli (designated ECGPT1 in the EMBL data library) was amplified from pMSG (Pharmacia) by PCR and, at the same time, a ClaI site 5h of the start codon (ECGPT1 nt 199-201) and overlapping SacII\KpnI sites 3h of the stop codon (ECGPT1 nt 657-659) were generated and a KpnI site at ECGPT1 nt 318 eliminated by silent base-pair exchange. In a PCR using primer pairs 72\75 and 74\76, two overlapping gpt fragments were generated which were fused in a second PCR using primer pair 72\76. 72 : 5h CATCGA"**TGAGCGAAAAATACATCGTC#"* 3h 75 : 5h C$$"GCACCCGGGACAAGACCGCCACG$!( 3h 74 : 5h C$!(GTGGCGGTCTTGTCCCGGGTGCG$$" 3h 76 : 5h GGGGTACCGCGGT'&(TAGCGACCGGAGATTGGCGG'$( 3h. The indicated numbers represent the nucleotide positions in ECGPT1 ; bold letters indicate non-homologous nucleotides added to create restriction sites.
The ClaI-gpt ∆ KpnI -SacII\KpnI amplicon was digested with ClaI and KpnI and inserted into pNLBH-and pNLBH-vifL-derived vectors in which a single ClaI site overlapping the env stop and the nef start had been generated (Ochsenbauer, 1996) . In the resulting plasmids, pNL-gpt and pNL-vifL-gpt, nef gene sequences from nef nt 1-218 (pNL4-3 nt 8787-9004) have been replaced by the gpt ORF (ECGPT1 nt 199-659), while maintaining the original position of the nef start codon (Fig. 1 b) . The integrity of the inserted gpt gene, which leads to a net increase in proviral genome length of 240 bp, was confirmed by DNA sequencing.
Furthermore, a non-infectious derivative of pNL-gpt was constructed : the 2.68 kb KpnI-KpnI fragment from the subviral expression vector pNL-A1-CD4 − in which gag-pol is deleted (Willey et al., 1992) , was replaced with the respective 2.92 kb gpt-containing KpnI-KpnI fragment from pNL-gpt to yield pNL-∆g\p-gpt. (b) Virion release from M2 and WX as compared to H9 cells acutely infected with pNLBH (wild-type) or pNLBH-vifL (vifmutant). Virus particle production was analysed by measuring the amount of p24 CA in the supernatants in a semi-quantitative ELISA. The level of particle release from the stably infected cell lines was determined 4 days after cells had been transferred to fresh medium at a density of " 4i10 5 cells/ml (dotted line). Acutely infected cells were washed 1 day p.i. to remove input virus, then split at days 3 and 6 p.i. and, in the case of pNLBH-vifL infection, when further necessary. (c) Replication of pNL-gpt (wild-type, wt) virions and of vif-defective pNL-vifL-gpt virions complemented in permissive cells (VIF − ) or released from the cell line M2 (M2). H9 cells were infected with equal amounts, as measured by CA-ELISA, of the indicated virions (in the case of wild-type pNL-gpt, released either from acutely infected H9 cells or from the cell line WX) and cells examined by indirect immunofluorescence on the days indicated.
content of the supernatants was determined by ELISA and aliquots of the virus stocks were used immediately for new infections or stored at k70 mC. For metabolic labelling of non-permissive cells acutely infected with pNLBH-vifL (and pNLBH), H9 cells were infected by cocultivation with transfected COS-7 cells from 24 to 58 h post-transfection.
Establishment of chronically HIV-1 vif-mutant-and vifwild-type-infected H9 cells. Infections were initiated by cocultivation of 2n5-5i10' H9 cells for 2 days with COS-7 cells transfected with pNL-vifL-gpt and pNL-gpt. Thereafter, the H9 cells were removed from the adherent COS-7 cells, an aliquot was taken for HIV-immunofluorescence, and the number of viable cells determined by Trypan blue staining. H9 cells ( " 1-5 % HIV-1-positive) were then plated in 96-well plates with 10 or 100 cells per well per 200 µl first-step mycophenolic acid (MPA)-selection medium (RPMI-MPA a : 40 % RPMI complete , 30% conditioned H9 cell-supernatant, 30 % SIM4-hybridoma-supernatant (McCallus et al., 1992) , containing final concentrations of 25 µg\ml MPA, 1iHAT-supplement, 250 µM xanthine, 1 mM sodium pyruvate and 1 µM HIV-1 proteinase inhibitor (obtained from J. Konvalinka, Czech Academy of Science, Prague ; corresponding to Ro31-89959 from Roche, Grenzach-Wyhlen). Cells were cultivated for 2 weeks and then clones were picked and carefully passaged further in MPA-selection medium (RPMI-MPA b : RPMI complete containing final concentrations of 25 µg\ml MPA, 1iHAT-supplement, 250 µM xanthine, 1 mM sodiumpyruvate and 1 µM HIV-1 proteinase inhibitor). Clones were screened for C. Ochsenbauer and others C. Ochsenbauer and others continuous HIV-1 expression by immunofluorescence. When appropriate cell numbers were obtained, cells were transferred to proteinase-inhibitorfree RPMI-MPA by stepwise reduction of inhibitor concentration and were further cultured.
Analysis of viral proteins. Indirect HIV-immunofluorescence, Western blot analyses and ELISA for capsid protein (CA) (kit from Innogenetics, Antwerp, The Netherlands) were performed essentially as described previously (Bosch & Pawlita, 1990 ; Wilk et al., 1992 ; Kra$ ußlich et al., 1993) . Samples from acutely infected cells were prepared for Western blot analysis when 90 % of the cells were infected. In the case of the stably infected cell lines, media were totally replaced and samples taken 4 days later. Virions released into the supernatants were precipitated with PEG-6000 as described (Wilk et al., 1992) prior to lysis in sample buffer. For immunoprecipitation analysis, metabolic labelling was performed with " 5i10' acutely or stably infected cells for 18 h in 5 ml of cysteine-free RPMI-1640, 10 % FCS-2-mM glutamine complemented with 75 µCi [$&S]cysteine (Amersham) per ml label medium. Labelled cells were spun down and lysed in 1 % Triton X-100 in PBS. Labelled virion-containing supernatants were clarified by centrifugation and filtration (45 µm pore size) and pelleted through a 20 % sucrose cushion in an SW41 rotor for 2 h at 120 000 g. Virus pellets were lysed in 1 % Triton X-100 in PBS, and 20 % of the virus samples were directly loaded onto SDS-PAGE gels ; the remaining 80 %, as well as the cell lysates, were subjected to immunoprecipitation with sera from HIVpatients, followed by SDS-PAGE and autoradiography.
Electron-microscopic analysis of stably infected cell lines. Samples of stably infected H9 cells were prepared for electronmicroscopic analysis of virus particles as previously described (Franke et al., 1976) .
Results

Characterization of gpt-coding, vif-wild-type or vifmutant HIV-1
In order to exclude the possibility of genotypic reversion to wild-type, the vif-defective mutant used in this study was generated by insertion of a 28 oligonucleotide into the vif gene (Fig. 1 a) . As we have reported recently , in our hands, in addition to PBMC and MDM, only H9 cells can be classified as non-permissive and can thus be utilized as relevant model-systems in place of primary cells. When exposed to functionally complemented vif-negative HIV-1, only 1-5 % of the H9 cells showed viral gene expression at day 2 post-infection (p.i.), and this could no longer be detected by day 4 p.i. Phenotypically vif-defective virions were produced only transiently and only in very low amounts as compared to wild-type virus. Our aim was thus to achieve elimination of the 95-99 % uninfected cells and, in addition, to positively select for high viral gene expression in the surviving infected cells. For this purpose we generated recombinant pNL4-3-derived HIV-1 proviruses, named pNL-gpt and pNL-vifL-gpt (Fig. 1 b) , in which a selection-marker gene (gpt, conferring resistance to MPA) was expressed instead of the nef gene, described to be non-essential in cell culture. In order to confirm that the replication properties of the recombinant proviruses were not significantly impaired by the introduction of the foreign gpt gene, MT-4 cells were infected with virus stocks of pNLBH, pNLBHvifL, pNL-gpt and pNL-vifL-gpt. Compared to their nef-coding counterparts, replication of the gpt-coding viruses was only slightly delayed ( " 2 days ; data not shown) as had previously been observed by Terwilliger et al. (1989) for virusencoding cat at the same genomic site. We further wanted to establish that a functional gene product was being expressed from the inserted gpt gene. For this purpose, a subviral derivative of pNL-gpt, named pNL-∆g\p-gpt, and an appropriate nef-coding control construct (pNL-A1-CD4 − ; Willey et al., 1992) were transfected into COS-7. Two days posttransfection, cells were transferred to MPA-containing selection medium (RPMI-MPA b ). One week later, cultures transfected with pNL-∆g\p-gpt gave rise to growth of multiple MPA-resistant single-cell clones lacking in the control culture.
Non-permissive H9 sublines stably infected with selectable gpt-expressing, vif-mutant or vif-wild-type
HIV-1
The conditions employed to select for H9 sublines stably expressing pNL-gpt (wild-type) and pNL-vifL-gpt virions are 35 S]cysteine-labelled H9 cells acutely infected with pNL-vifL (vif − ) and pNLBH (wt), as described in Methods. Viral proteins from cell lysates were immunoprecipitated with α-p24 and α-gp120/gp160 sera ; particle-associated proteins were immunoprecipitated with HIV-patient sera. ' p1 ' and ' p2 ' represent the same virus samples run on two different SDS-PAGE gels to which X-ray films were exposed for different time intervals. described in Methods. To minimize potential cytopathic effects of HIV-1 infection during the early phase of selection, monoclonal antibody SIM4 (McCallus et al., 1992) , which inhibits syncytia formation, and HIV-1 proteinase inhibitor were added to the selection medium. Several candidate subclones could be established and finally two cell lines, designated M2 and WX, both resulting from single-cell clones and infected with pNL-vifL-gpt and pNL-gpt, respectively, were analysed. HIV-1 gene expression in M2 and WX cells cultured in the presence of MPA was initially demonstrated by immunofluorescence analysis (Fig. 2 a) . Stepwise reduction of proteinase inhibitor concentration in the medium did not negatively influence viral gene expression, whereas removal of MPA for 1 week or longer led to a reduction of HIV-1 expression (not shown). When M2 and WX cells were cocultivated with CD4-positive HeLa cells (Maddon et al., 1986) , large syncytia were formed (not shown), indicating that functional HIV-1 glycoprotein was expressed on the cell surface. Using CA p24-ELISA, it could be established that approximately 50-fold more virions (approx. 250 ng\ml) were released from M2 and WX during a 4 day interval than were produced during a single round of acute infection of H9 cells with pNLBH-vifL (Fig. 2 b) . Virions produced from the M2 cell line are expected to be non-infectious for both permissive and non-permissive cells. This was repeatedly confirmed by applying supernatants from M2 cells maintained for 4 days in MPA-free medium to permissive MT-4 or non-permissive H9 cells. Viral gene expression could not be detected in any instance, even after monitoring for up to 3 weeks, thus confirming the vif-defective phenotype of M2 virions (example shown in Fig. 2 c) . In contrast, WX virions were reproducibly shown to initiate spreading infections in MT-4 and H9 cells.
Protein composition and morphology of vif-mutant and wild-type virions
Recent reports on disturbed particle formation of phenotypically vif-defective HIV-1 virions are highly controversial in regard to the exact kind of aberrations in viral protein composition and morphology that were observed. The intracellular expression patterns of the CA p24 and its precursors, as well as of the viral glycoproteins gp160 and gp120 in M2 and WX cells and in acutely pNLBH-infected H9 cells were investigated by Western blotting. The relative amounts of the viral protein components were found to be equivalent (data not shown). Analysis of p24 (CA), gp120 and reverse transcriptase (RT) protein content of virions pelleted from supernatants of the same cultures (Fig. 3) and WX respectively. For quantitative analysis, virus particles were classified according to their morphology as previously described (Ho$ glund et al., 1994 ; Borman et al., 1995) . vif-negative HIV-1 from stably infected H9 cells vif-negative HIV-1 from stably infected H9 cells between vif-mutant M2 virions and virus particles released from stably (WX) or acutely (K) wild-type HIV-1-infected H9 cells, either. We thus obtained no evidence for any altered proportions of the viral structural proteins in vif-mutant virions. This observation could be confirmed by radiolabelling and immunoprecipitation of vif-mutant particles from M2 cells as compared to H9 cells acutely infected with either pNLBH or pNL-gpt (Fig. 4 a) . To exclude the fact that our findings might be due to an artefact related to the model-system used, we additionally wished to compare the protein pattern of virions released from H9 cells acutely infected with wild-type pNLBH or vif-mutant pNLBH-vifL. Despite the experimental obstacles resulting from inefficient pNLBH-vifL infection, virions could be successfully examined by radio-immunoprecipitation. The results of the analyses of cell and viral lysates (Fig. 4 b) recapitulate what we had already observed ; in the vif-defective HIV-1-infected culture, the intracellular expression pattern of the Gag and Env proteins, as well as the protein (NC, MA, CA, IN, RT, gp120) composition of virions was equivalent to that found in the wild-type-infected H9 culture. There was no evidence for disturbed Gag or Gag-Pol processing in vifdefective virions (Fig. 4 b) . The same result was obtained when pelleted virus particles were lysed and loaded directly onto SDS-PAGE gels (not shown).
Aberrant particle morphology of vif-defective virions has been reported by Ho$ glund et al. (1994) and Borman et al. (1995) . Thus, despite no differences in viral protein composition being detected so far, it was important to compare the structure of M2 and WX virus particles by electron microscopy (Fig. 5) . Using the classification of virion structures described by Ho$ glund et al. (1994) and Borman et al. (1995) , the observed particles (M2, Σ l 134 virions ; WX, Σ l 86 virions) were grouped as indicated in the legend to Fig. 5 and quantified. A χ# test for k 2 independent samples was then performed. For this, the categories ' ve ' and ' ho ' which comprise morphologically ' normally ' matured virions showing electron-dense cone-shaped core structures in vertical sections or electrondense circular central core structures in horizontal sections, respectively (Fig. 5) , were combined (thus, k l 5). No significant differences in the relative abundance of ' normal ' virions and different categories of ' aberrant ' virus particles from stably infected H9 cells could be detected (significance level P l 0n05). To summarize, we could find no evidence that phenotypically vif-defective, i.e. replication-incompetent HIV-1 virions produced in non-permissive H9 cells display disturbed particles with cone-shaped core which is electron-dense only at its base (10/11) ; di, circular ' central ' core displaced to the inner surface of the viral membrane (13/12) ; ab, aberrant morphology, e.g. no defined core, empty core, tubular core, several cores in one particle, amorphous electron-dense material outside the core (60/27) ; im, budding or immature virus particles (19/8). Totals of 134 and 88 virions of M2 and WX, respectively, were analysed. The numbers in parentheses indicate the abundance of each morphological structure (M2/WX). The number of virions falling into each group was quantified and a χ 2 test performed (H 0 , ' The relative amounts of defective virions produced from M2 and WX are equal ' ; H 1 , ' The relative amounts are not equal '). Categories ' ve ' and ' ho ' were considered as ' normal ' structures and were combined in one group for the χ 2 test. Hypothesis H 0 could only be rejected at a significance level of P l 0n1, which we do not consider to indicate an existing, significant difference. viral protein composition, nor could morphological aberrations be detected with the methods applied in this study.
Discussion
The mechanism by which the vif gene product exerts its essential function for HIV-1 replication in primary and certain established target cells is still only poorly understood. This is, at least in part, due to technical difficulties resulting from the cell-type dependence of the vif-defective phenotype, the importance of which was first emphasized by Gabuzda et al. (1992) and Sakai et al. (1993) . Using H9 cells, we developed a model-system which allows the permanent production of considerably higher amounts of vif-defective virus particles than previously available.
The successful selection of the pNL-vifL-gpt-infected cell line, M2, and preceding analyses using a gpt-coding proviral construct with a gag\pol deletion (pNL-∆g\p-gpt) gave strong evidence that the foreign gpt-gene is efficiently expressed. Additionally, gpt did not significantly impair virus functions since the recombinant viruses pNL-gpt and pNL-vifL-gpt carrying the foreign gene (length increase 240 bp) showed only slightly delayed replication kinetics in MT-4 cells as compared to their nef-coding counterparts. Both observations are in concordance with the report of Terwilliger et al. (1989) on a recombinant replication-competent HIV-1 provirus coding for and expressing cat instead of nef (length increase 570 bp). Furthermore, acutely pNL-gpt-infected H9 cells, as well as the wild-type HIV-1 pNL-gpt-infected H9 subline, WX, displayed similar intracellular viral Gag and Env protein expression patterns and virion protein (pr55, CA, gp120, RT) composition to acutely pNLBH-infected H9 cells (Fig. 3) , and virions released from WX were replication-competent. We thus infer that the approach used to establish the permanently infected H9 cell line WX did not generally alter the properties of viral gene expression as compared to acutely infected cells. Most important, with the help of selectable gpt-coding HIV-1, a permanently vif-negative HIV-1-expressing H9 subline (M2) could be generated under conditions where virus spread fails to occur. We had assumed that positive selection pressure would be exerted on viral gene expression in stably gpt-coding HIV-1-infected cells as long as the selection drug MPA is present. Indeed, viral gene expression was downregulated when M2 and WX cells were cultured without MPA for a prolonged time period. When high level HIV-1 gene expression is to be maintained, the availability of selectable proviruses like those employed here is thus of great advantage. We achieved a level of vif-mutant virion release from M2 cells (and of wild-type virion release from WX, respectively) that was approximately 50-fold higher (up to 250 ng p24\ml) than that obtained in an acute, and thus transient, infection of H9 with vif-defective HIV-1 (Fig. 2 b) . Our aim of improving the amount of synthesis of functionally vif-defective HIV-1 virus particles was thus accomplished.
Viral protein expression in M2 cells was normal when compared to acutely wild-type HIV-1 infected cells or WX cells, respectively. However, with regard to earlier reports on aberrant protein composition of vif-defective virions, it was an unexpected finding that no significant differences in the relative viral protein abundance in wild-type or vif-defective virus particles were detectable in the work presented here (Figs 3, 4 and 5). We do not consider these observations an artefact resulting from the stable expression system used, since the same results were obtained when virions synthesized during acute infections of non-permissive H9 cells were analysed. Supporting our results, by applying an elaborate transientinfection H9 model-system Fouchier et al., (1996) simultaneously report similar findings, i.e. no alterations in viral protein composition. Thus, none of the different controversial observations of Sakai et al. (1993 ), von Schwedler et al. (1993 , Simm et al. (1995) and Borman et al. (1995) concerning the protein pattern of vif-defective virions were recapitulated. Ho$ glund et al. (1994) and Borman et al. (1995) have additionally reported aberrations in particle morphology, i.e. the increased relative frequencies of ' abnormally ' matured core structures (categories ' ba ', ' di' and ' ab ', see Fig. 5 ) of vif-mutant virions from CEM and Jurkat cells or CEMx174 cells, respectively. However, when we performed similar comparative analyses of virus particles synthesized in the M2 and WX cell lines, the relative abundance of normally and abnormally matured core structures were not found to differ significantly between these two cultures.
From our results we can conclude that, in the absence of functional Vif in non-permissive cells, negative effects on pr55 Gag processing or on viral glycoprotein incorporation into virions are not necessary and not sufficient to account for a vifdefective phenotype. We assume that more subtle aberrations than those previously reported, and probably superimposed by the latter under certain experimental circumstances, might be the reason for the failure of vif-mutant virus particles to initiate a new complete replication cycle. Such subtle defects may decisively come to bear within the intracellular viral structures (reverse transcription-\preintegration-complex) which initially remain after viral entry. This would be compatible with available evidence which points to the block in the replication of vif-defective virions being at (von Schwedler et al., 1993 ; Sova & Volsky, 1993 ; Borman et al., 1995 ; Courcoul et al., 1995) or near the reverse transcription step.
We consider the H9 cell line M2, persistently infected with vif-negative HIV-1 and permanently releasing considerably higher amounts of phenotypically mutant virions than easily available until now, to be a useful and easy-to-handle tool to gain further insight into the ultimate Vif protein function. While some possible effects on virion structure could be excluded as being the sole reason for the loss of virion infectivity, the very productive system established here should now allow us to search for more subtle alterations in vifdefective HIV-1 virions, and perhaps also to analyse the block in their replication. Furthermore, if appropriate non-permissive cells could be identified for HIV-2, simian immunodeficiency virus (SIV) and caprine arthritis-encephalitis virus (CAEV) Vif functional analyses, the approach of using selectable gptcoding proviruses might be adapted to these lentiviruses.
We are grateful to A. Dege for excellent technical support and we thank U. Kru$ ger and M. Pawlita for critical reading of the manuscript and helpful discussion. H. W. Zentgraf is gratefully acknowledged for help with electron-microscopic analysis. We further thank H. zur Hausen for continued support. The following reagents were obtained through the AIDS Research and Reference Reagent program, Division of AIDS, NIAID, NIH : CD4 hybridoma SIM-4 from Dr James Hildreth, CD4-HeLa cells from Dr Richard Axel. R. Willey kindly provided expression vector pNL-A1-CD4 − .
